In this study we report on a long-term follow-up of 14 morbidly obese sleep apneic patients, 11 of whom were male and 3 female. The mean age was 46 ± 8.5 years. These patients had undergone weight reduction surgery. Before surgery, body mass index (BMI) Previously it has been shown that weight reduction surgery is associated with a dramatic amelioration in the severity of SAS.8-13 In some patients, surgically achieved massive weight loss was associated with complete disappearance of the syndrome. The single study reporting on long-term follow-up of 57 obese SAS patients treated by weight reduction surgery indicated that apnea index (Al) fell from 64±39 apneas per hour preoperatively to 33 ± 27 apneas per hour 1 year postoperatively, and then to 32±32 (apneas per hour) 4.5 ± 2.3 years postoperatively.14 However, only seven patients underwent polysomnography in the long-term follow-up visit. The body mass index (BMI) at those times changed from 56+ 12 to 37 + 8 and to 38 ± 9 kg/m2, respectively. Our observations, presented in this study, revealed a different course for the long-term effects of weight reduction surgery in a larger group of morbidly obese SAS patients.
Sleep apnea syndrome (SAS) and the obesity hypoventilation syndrome are well recognized complications of morbid obesity.'-' While the incidence of SAS in the general population is approximately 1 to 4%,5-7 it is much higher in the morbidly obese.3 '8-10 Previously it has been shown that weight reduction surgery is associated with a dramatic amelioration in the severity of SAS. [8] [9] [10] [11] [12] [13] In some patients, surgically achieved massive weight loss was associated with complete disappearance of the syndrome. The single study reporting on long-term follow-up of 57 obese SAS patients treated by weight reduction surgery indicated that apnea index (Al) fell from 64±39 apneas per hour preoperatively to 33 ± 27 apneas per hour 1 year postoperatively, and then to 32±32 (apneas per hour) 4.5 ± 2.3 years postoperatively.14 However, only seven patients underwent polysomnography in the long-term follow-up visit. The body mass index (BMI) at those times changed from 56+ 12 to 37 + 8 and to 38 ± 9 kg/m2, respectively. Our Sleep records were analyzed for sleep stages and occurrence of apneas, using standard criteria.18 Apnea was defined as the cessation of airflow for at least 10 s. Apnea index was calculated by dividing the total number of apneic episodes by the hours of sleep.
Repeated measures analysis of variance, followed by post hoc comparisons were carried out to compare BMI and Al before, shortly after, and a long time after surgery. Correlational analysis was used to determine if there was a meaningful relationship between the amount of change in body weight and apnea severity (p <0.05 was considered to be significant).
The study population consisted of 14 morbidly obese sleep apneic patients (11 male and 3 female) aged 29 to 57 years (mean, 46+8.5 years). Their mean weight and height before surgery were 131 + 22.5 kg and 170 + 8.4 cm. They all suffered predominantly from OSA with a negligible number of central apneas. Four were treated with antihypertensive medications because of hypertension. Patients were unaware of any other chronic disease.
RESULTS
Values for BMI, Al, and sleep architecture for these patients before operation and at the two To examine the possibility that the increase in Al 7.5 years postoperatively occurred only in patients who regained weight, correlational analysis was used to determine if there was a meaningful relationship between the amount of changes in body weight and Al.
There were poor correlations between changes in BMI and Al preoperatively to 4.5 months postoperatively (r=0.23; p >0.4), and between 4.5 months and 7.5 years postoperatively (r=0.41; p >0.1), indicating that the increase in Al was independent of changes in BMI. This lack of relationship is further demonstrated in Table 2 . It shows that in 5 patients there was an increase in Al, 7.5 years postoperatively, in spite of a decrease or no change in BMI.
DISCUSSION
The present study revealed a recurrence of sleep apnea 7.5 years after weight reduction surgery in morbidly obese SAS patients, which could not be accounted for by weight increase. These results disagree with those of Sugerman et al14 who reported that Al was lower at 4.5 years than 1 year postoperatively in 7 patients. The recurrence of sleep apneas in the present study agreed with patients' subjective reports of exacerbated snoring and excessive daytime sleepiness at the time of the second postoperative recording. Consequently, in two of the patients constant positive airway pressure treatment was started shortly after the recordings.
The different courses of BMI and Al after surgery, and the poor correlations between the changes in BMI and Al, indicate two different primary etiologies for OSA in these morbidly obese patients. Our initial finding2'8"13 that in almost half of the patients massive weight reduction was associated with complete disappearance of the apneas shortly after the operation, which agrees with the short-term effects in the study of Sugerman et al,'4 suggested a causative link between obesity and sleep apnea. Obesity, however, cannot be the single causative factor, since 60 to 80% of morbidly obese patients do not have SAS.8"0"4
Thus, it appears that obesity constitutes a risk factor only to certain individuals who are likely to have SAS. Previously, we reported that in some patients breathing disorders in sleep are caused by exacerbation of the preexisting tendency of the respiratory system to oscillate in sleep.19 This exacerbation can be caused by increased weight, increased upper airway resistance, decreased cortical arousability, or other risk One limitation of the present study that should be considered is that our analysis of apnea severity was based only on Al and clinical symptoms, since we missed some of the preoperative oxygen saturation data. In recent years, a much greater emphasis has been placed upon oxygen desaturation levels and hypopneas. Because postoperative oxygen desaturation values could not be compared with preoperative values, these data have been excluded.
What are the clinical implications of the present findings concerning the efficacy of bariatric surgery to treat morbidly obese SAS patients? In spite of the recurrence of sleep apnea 7.5 years after surgery, Al at that time was still significantly lower than preoperatively (24 vs 40; p<0.05). Considering this fact, and the observation that shortly after the operation about half of the patients were completely free of apneas, we believe the use of this treatment in morbidly obese patients is justified.
In summary, we found that BMI decreased after weight reduction surgery and increased only slightly after 7.5 years. Apnea index dramatically decreased after surgery, but disproportionately increased 7.5 years later. We conclude that both obesity and aging constitute risk factors for sleep apnea in predisposed individuals. Weight reduction surgery is an effective way of reducing BMI and Al for at least 7.5 years.
However, despite massive weight reduction, this group of patients is still at risk for OSA possibly due to increasing age or other yet unexplained factors.
